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SPECIFICATION 

1. [Title of the Invention] 

ONE PASTE-TYPE RESTORATIVE MATERIAL 

5 

2. [Scope of the Patent Claim] 

1. The one paste-type restorative material is composed of ; a-tricalcium phosphate 
powder, tetracalcium phosphate powder, or a compound of tetracalcium phosphate 
powder and other calcium phosphate powder, and at least one type of kneading 
10 liquid selected from a group composed of vegetable oil, polyhydric alcohols, 

polyalkylene glycols, silicone oil and Uquid paraffin, which are filled into a syringe. 

3 . [Detailed Description of the Invention] 
[Field of the Invention] 

15 This invention relates to a novel, one paste-type restorative material. In 

detail, the restorative material comprises the one paste-type restorative material 
filled into a syringe, which exhibits extremely simple storing and handling properties, 
and at the same time the restorative material forms good, hardened hydroxyapatite 
by being brought into contact with water. 

20 

[Description of Prior Art] 

In general, hardening material having good affinity with teeth and with 
little harmfiil effect to the human body is required for dental restorative material 
such as root canal filler material, base/liner material and pulp cap material. 
25 A composition that forms hydroxyapatite (HAP), a main component in bones 

and teeth, after hardening has been conventionally recommended as the hardening 
material. For example, compositions made of tetracalcium phosphate and/or 
a tricalcium phosphate with water or kneading material of organic acid solution are 
known. 

30 

[Problem To Be Solved by the Invention] 

However, in order to avoid hardening during storage, the aforementioned 
compositions are handled separated into two agents which are tetracalcium 
phosphate and or/ a-tricalcium phosphate powder and the kneading material and 
35 used by kneading them on a tray immediately before use. Due to this, in addition to 

operational issues, such as requiring expertise in preparing a paste of suitable 
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viscosity for treatment, a separate tool was necessary for filling it into a treatment 
site. Furthermore, since a large amount of the material had to be kneaded even when 
only an extremely small amount was required, such as for root canal filler material, 
it presented an economical problem as well. 

5 

[Resolution Means] 

The inventor and others exhaustively researched a solution to this problem 
with compositions using tetracalcium phosphate or a-tricalcium phosphate. As a 
result, we discovered that by mixing the calcium phosphate powder and a specific 

10 organic compound which can be replaced by water to prepare a one paste and then 

filling it into a syringe, it exhibited excellent handhng properties such as (l) not 
hardening during storage, (2) being able to be directly injected into narrow confines 
such as root canals and (3) allowing even a very small amounts to be dispensed as 
required; and in addition, that when filled into root canals, the hardened 

15 hydroxy apatite member was formed through reaction with the bodily moisture 

therein, which resulted in the completion of the present invention. 

The invention comprises a syringe filled with the one paste-type restorative 
material composed of a-tricalcium phosphate powder, tetracalcium phosphate 
powder or a mixture of tetracalcium phosphate powder and other calcium phosphate 

20 powder (hereinafter called CP powder) and at least one type of the kneading Uquid 

selected from a group composed of vegetable oils, polyhydric alcohols, polyalkylene 
glycols, silicone oil and Hquid paraffin. 

The PC powder, which is one component of the paste in this invention, is the 
Q-tricalcium phosphate powder, the tetracalcium phosphate powder or a compound of 

25 the tetracalcium phosphate powder and other calcium phosphate powder. The 

tetracalcium phosphate powder can be manufactured by any method. For example, 
raw materials, such as CaCOa, CaO, Ca(0H)2 can be used as a source for the Ca, P2O5, 

H3PO4, NH4H2PO4 can be used as a source for the P, or CaHP04-2H20, CaHP04, 

Ca(H3P04)2, Ca2P207.etc., which contain both Ca and P, can be used. Furthermore, 
30 depending upon the raw material various manufacturing methods can be adapted 

appropriately according to the material used. Among these methods, a dry type 

manufacturing method that implements a mixed calcination of CaCOa with y 

•Ca2P207 that was obtained by the calcination of CaHP04-2H20 is superior and 
therefore preferable. 



This reaction is indicated by the following reaction formula^ 
2CaHP04-2H20 - Y"Ca2P207 +5H2O 

Ca2P207 + 2CaC02^ Ca2P207 + 2CO2, 

and pure tetracalcium phosphate can be obtained without having it transit to 
hydroxyapatite by calcinating at 1200 ' C or more and then rapidly cooling outside 

the furnace or calcinating in a nitrogen atmosphere at 1200 * C or more. 

In addition, commonly known methods using the materials above may be 
adapted without restriction for the manufacturing method of the a-tricalcium 
phosphate. 

Then, in order to produce hydroxyapatite efficiently, the Ca/P molar ratio of 
the other calcium phosphate that is mixed with the tetracalcium phosphate should 

preferably be under 1.67. Examples include, CaHP04, CaHP04 •2H2O, Ca8H2 (PO4) 6 • 

5H2O, Ca3(P04)2 and Ca2P207, etc., but among these, CaHPOdand CaHP04-2H20 are 

best suited for improving dynamic characteristics in the hardened member. 

For efficient forming of the hydroxyapatite, it is preferable to achieve a 
mixing ratio adjusted to 1.3 to L9 for the Ca/P mol ratio, in using the calcium 
phosphate powder and the tetracalcium phosphate. 

Although the particle diameter in the PC powder is not especially restricted, 
when taking into account the kneading properties with the kneading Uquid, and 
forming speed of the hydroxyapatite and the surface state of the obtained hardened 

member, those having an average particle diameter of 0.01 to SOOpm are preferable 

and those from 0.1 to 100pm are especially preferred. 

For the kneading liquid, at least one type selected from the group composed 
of ' vegetable oils such as olive oil, peanut oil, rose oil, caster oil and almond oil; 
polyhydric alcohols such as glycerin, ethylene glycol and propylene glycol; and 
polyalkylene glycols such as polyethylene glycol (PEG) and polypropylene glycol 
(PPG) ; silicone oil and liquid paraffin may be used. Among these, polyhydric 
alcohols and polyalkylene glycols are preferred due to their high affinity with water 
and, ease of substitution with water, to thereby make it possible to obtain a paste 



exhibiting good hardening properties by being brought into contact with water, with 
but little harm&l e£fects on the human body. 

The powder/liquid ratio between the PC powder and the kneading liquid can 
be appropriately determined so that an optimal viscosity is obtained for the 
application. Generally, the powder/Uquid ratio should be adjusted so that the 
viscosity in the obtained paste is within a range from 1 to 1000 poise, preferably from 
10 to 500 poise. For example, when used as a root canal filler, preferably the 
powder/Uquid ratio should be adjusted so that the viscosity of the paste is from 20 to 
200 poise. 

Moreover, the mixing method for the PC powder and the kneading hquid is 
not especially limited and mixing methods using commonly known mixing 
equipment can be adapted without restriction. For example, mixing equipment 
such as a masher, ball mill, kneader or blender are generally used. 

Additionally, other components may be added as required to the paste of the 
present invention so long as they do not adversely affect its hardening properties. 
For example, it is suitable to add 5 to 50 parts by weight of barium sulfate, barium 
glass, strontium glass, zirconia, and iodoform, etc., to 100 parts by weight of the 
paste to provide X-ray contrast properties. Furthermore, hydroxy apatite, silica, 
CaF2, Ti02, calcium hydroxide, alumina, sodium acid phosphate, and ammonium 
phosphate, etc., can be added to adjust the hardening time and the viscosity of the 
paste. 

Furthermore, the syringe used for the invention is not especially limited and 
the commonly known syringes may be used without restriction. Typical syringes 
include injection syringes such as shown by Drawing 1 and the disposable tip type 
used for syringe filling of composite resins for dentistry shown by Drawing 2. With 
either type, the tip shape can be made thicker, narrower or bent for ease of operation 
according to the application. In addition, it is desirable to have a cap 4 on the tip to 
prevent reactions with the moisture in the air while being stored. A structure with a 
piston 1 being directly pushed or a screw type extrusion structure are typical 
extrusion structures for the paste 3 in the injection syringe type. In either case, it is 
desirable that the cylinder 2 and the piston 1 be sealed well by using a rubber gasket, 
etc., to prevent moisture from entering. In the case of the disposable tip, it is 
desirable to attach a resilient member such as one of rubber to the piston 1 as a 
flanged stopper that contacts the cyhnder 2. 

Between the two types above, the injection syringe type is best suited for 
multiple uses and the disposable tip type is best suited for one time use. 

Drawing 3 shows the disposable tip type syringe 5 under use That is, it 
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shows the state wherein the syringe 5 is set with the extruding apparatus 6, 
composed of a cylinder having an attachment hole in its tip for loading into the 
syringe 5 and a piston 1 with a tip shape that can be inserted into the cylinder of the 
syringe 5. 
5 [Advantages] 

Since the restorative material of the invention is the one paste-type that 
does not harden during storage and is also pre-filled into the syringe, not only does it 
render the troublesome operation of kneading conventional two-part agents together 
immediately before use unnecessary, but with the paste viscosity pre-adjusted, root 
10 canals, for example , may be directly filled by operating the syringe. Then, the filled 

paste forms a hydroxyapatite hardened member by the moisture in the human body. 

Thus, compared with the prior art, using the one paste'type restorative 
material in this invention can greatly improve operability. 

The one paste-type restorative material in this invention not only can be 
15 used as the restorative material in dentistry such as tooth root canal filler material, 

base/liner material, pulp cap material, periodontal pocket filler material and filler 
material under extracted teeth, etc., but can be widely used for restorative material 
for orthopedics 

such as for bone cement and bone filler material. 

20 

[Example] 

Examples are shown below in order to more specifically explain the 
invention, however, the invention is not limited to the examples. 
Example 1. 

25 Y'Ca2P207 is obtained by calcinating CaHP04 • 2H2O at 500*^0 for 2 hours. 

This powder and CaCoa powder are mixed at V2 (mol ratio) and after calcinating in 
air at 1400**C for two hours, are cooled outside the furnace. The formed powder was 

confirmed to be tetracalcium phosphate fi:om its X-ray diffraction pattern. After 
mixing and pulverizing this test sample and the CaHP04 powder to achieve a Ca/P 

30 mol ratio of 1.67, the paste was prepared after passing the power through a 200 mesh 

sieve by mixing and kneading it with glycerin at a ratio of 2*1 (by weight). The 
viscosity of this paste was 140 poise. This paste was filled into both an injection 
type syringe (capacity 2ml.) and a disposable tip type syringe ( capacity 0.5ml) made 
of polyethylene and caps were placed on the tips to complete the one paste-type 

35 restorative material. Then, these were stored in a constant temperature device 



maintained at SO^^C for three months. The result was that the viscosity was 140 poise 

for each paste. Furthermore, when the stored, one paste type restorative material 
were each used to fill extracted human teeth by operating the syringes, and then 

after the teeth were immersed in water at STC for 24 hours, good hydroxyapatite 

hardened members were obtained. 

In addition, when a cylindrical shaped metal mold with a diameter of 6mm 
and height of 12mm was filled with the restorative paste flowing from an injection 
type syringe, and both end surfaces were covered with a water transmitting film 

(pore diameter 0.45pm), after immersing in 37**C water for 48 hours, the hardened 

member was confirmed to be hydroxyapatite fi-om its X -ray diffraction patte rn. 
Furthermore, compressive strength in this hardened member was 65kg/cm2. 

Example 2. 

The tetracalcium phosphate manufactured by the same method as in 
Example 1 was pulverized and mixed with the CaHP04 to achieve a specific Ca/P 
molar ratio and was then passed through a 200 mesh sieve and mixed and kneaded 
uniformly with the kneading liquids shown below to prepare pastes, 
ethylene glycol 
polyethylene glycol 400 
polypropylene glycol 1000 
peanut oil 

sihcone oil (manufactured by Toshiba Silicone Co. TSF-451-50) 
Uquid paraffin (manufactured by Matsumura Oil Research Corp. 
Moresco White P"55) 
After the pastes above were loaded into injection type syringes and capped, 

the pastes were stored for three months in a constant-temperature device at 30**C, 

The initial paste viscosity and that after three months were measured and storage 
stability was investigated. When the viscosity after the three months was within a 

variation of ±2% compared with the initial viscosity, it was deemed that there were 

no substantial problems and the storage properties were good. Moreover, product 
material and compressive strength were also investigated for the hardened member 
obtained in the same way as in Example 1. 
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In addition, the pastes were filled into the root canal of extracted human 
teeth in the same way as in Example 1 and whether or not a good hardened member 

could be obtained was investigated. It was marked with o when a good hardened 

member was obtained and marked with >^ when a good hardened member was not 
5 obtained. Those results are shown in Chart- 1. 
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Example 3. 

Tetracalcium phosphate powder by itself, a-tricalcium phosphate powder by 
. itself or a compound of tetracalcium phosphate powder and other calcium phosphate 
powder to obtain a Ca/P mol ratio of 1.67 were mixed 2'1 by weight with glycerin to 
5 prepare pastes. These pastes were filled into syringes in the same way as in 

Example 2 and storage stabiUty, compressive strength and the hardened member in 
the extracted human teeth were investigated. The results are shown in Chart-2. 
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10 4. Brief Description of Drawings 
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Drawing 1 and Drawing 2 are cross-section drawings showing a typical 
syringe used with the one paste-type restorative material in this invention, and 
Drawing 3 is a perspective drawing showing the syringe in the Drawing 2 under use. 

1... Piston, 2. ..Cylinder, 3. ..Paste, 4.. .Cap, 5. ..Syringe, 6.. .Extrusion device. 

Drawing 1 




Drawing 2 Drawing 3 

^30 
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Alertizig Abstract JP A 

Alpha-calcium triphosphate powder, calcium tetraphosphate powder or inixt, 
of calcium tetraphosphate and other calcium phosphate powder and one or 
more of vegetable fat, polyhydric alcohol, polyalkylene glycol, silicone 
oil and fluid paraffin, are filled into a cylinder. 

USE/ADVANTAGE - The paste is directly filled into the roots of teeth 
without pretreatment . It does not harden in storage. 
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